of the cell cycle, while Pak1 levels remained constant were fused to a stretch of arginines and tryptophans (termed penetratin) that have previously been shown to ( Figure 3A) .
Pak1T212(PO 4 ) Accumulates in MicrotubulePak1 Phosphorylation Is Seen in Neuronal Organizing Centers Precursors Undergoing Mitosis
Swiss3T3 fibroblasts in different stages of the cell cycle The p35/Cdk5 kinase exclusively functions in postmiwere examined for the presence of endogenous T212-totic cells, and the highest levels and activity are seen phosphorylated Pak1. Interphase cells had very low levin neurons of the central nervous system (CNS), where els of predominantly nuclear Pak1T212(PO 4 ), which they regulate their migration and morphology [10, 11] .
increased as cells entered prophase, initially in the nuWhile examining the temporal and spatial pattern of Pak1 phosphorylation in the developing cortex, we obcleus and subsequently throughout the cell (Figure 2A ). High levels of Pak1T212(PO 4 ) persisted during metaphase, anaphase, and telophase and were subsequently downregulated ( Figure 2A ). The distribution of Pak1-never been detected in proliferating cells [14] [15] [16] [17] . Cdk5 is closely related to the cell cycle-promoting kinases T212(PO 4 ) was always punctate, similar to the pattern seen in hippocampal neurons, especially their growth Cdc2 and Cdk2 with which it shares similar substrate specificity [18] [19] [20] [21] [22] . The cyclin B1/Cdc2 kinase is essencones [9] . Interestingly, in all mitotic cells, Pak1-T212(PO 4 ) accumulated in two distinct points that aptial for the G2/M transition and passage through the first half of M phase [23] . In interphase cells, it is largely peared to be microtubule-organizing centers (MTOCs). This was confirmed by colocalization with a centrosomal cytoplasmic, while, in prophase, it rapidly translocates into the nucleus. It also accumulates in centrosomes marker, ␥-tubulin ( Figure 2B ). In vivo, in E19 rat cortices, Pak1T212(PO 4 ) also accumulated in MTOCs at either [24] . We compared the timing of Pak1 phosphorylation and cyclin B1 expression in Swiss3T3 fibroblasts that side of the spindles and colocalized with ␥-tubulin (Figure 2C) .
were arrested in G0 and following the addition of serum while cells that were not exposed to peptides had no detectable streptavidine staining. These results suggest determined by a nonradioactive kinase assay (Figure 3C) . that phosphorylated T212 is part of a protein binding site that targets Pak1 to areas of microtubule organization.
T212 Phosphorylation Targets Pak1 to MTOCs
To address the biological role of Pak1T212(PO 4 ) during Pak1T212(PO 4 ) Regulates the Organization of Dynamic Microtubules mitosis, we generated small peptides containing 15 amino acids that were identical to the sequence surWe used the peptides to address the functional significance of Pak1 phosphorylation during mitosis. rounding the T212 site of Pak1, and one of the peptides was synthesized with a phosphate group on T212. These Swiss3T3 fibroblasts were treated for 3 hr with the mi- ther by direct association or indirectly by phosphorylating the microtubule-destabilizing protein, Op18/
